In this paper we provide an analytical framework to estimate the joint production of biomass and carbon sequestration from afforestation and reforestation activities. The analysis is based on geographical explicit information on a half-degree resolution. For each grid-cell the model estimates forest growth using a global vegetation model and chooses forest management rules. Land prices, cost of forest production and harvesting are determined as a function of grid specific site productivity, population density and estimates of economic wealth. The sensitivity of the results due to scenario storylines is assessed using different population and economic growth assumptions, which are consistent with B1 and A2 of the Intergovernmental Panel on Climate Change Special Report on Emission Scenarios (IPCC-SRES) marker scenarios. Considerable differences in the economic supply schedules are found. However, technical potentials seem to converge given constancy in other underlying assumptions of the model.
Introduction
In almost all of the Intergovernmental Panel on Climate Change (IPCC) emission scenario models that aim at stabilizing of atmospheric carbon concentrations at less than double of current level, biomass-based energy systems take a prominent share of the total energy portfolio (IPCC 2001a) . Climate mitigation targets, as defined by the objectives of the United Nations Framework Convention on Climate Change (UNFCCC), shall contribute to allow natural ecosystems to adapt autonomously to climate change, guarantee food security and sustainable economic development. What we do not know is whether a large-scale implementation of biomass projects all over the world might threaten the very objectives of the framework convention. A socially and environmentally benign implementation of competitive bioenergy systems is a major challenge for sustainable human development, particularly in the developing world.
In its principles, the UNFCCC demands that climate mitigation options should be comprehensive, cover all relevant sources, sinks and reservoirs of greenhouse gases (GHG) -thus allowing for managing terrestrial ecosystems for mitigation benefits. Bioenergy resources comprise of residues and wastes, dedicated energy crops and natural vegetation (Kartha and Larson 2000) . Resources from afforestation or reforestation (AR) activities, which are analyzed in this paper, can be categorized in all three categories. If AR uses autochthon plant material in combination with semi-natural forest management practices the resource will be 'natural' vegetation, if AR uses high yield -in many cases exotic species -we may categorize this activity as an energy plantation and, finally, if residues, e.g., leaves and branches, are used for energy conversion purposes then the resource is residues. Production of woody biomass from afforestation yields joint production of biomass for energy use (or use for timber) and sink enhancement -there is a linkage between the growing stock (biomass in afforested lands) and the flow (use for bioenergy). Assessments of this joint nature of production are rare since most studies either focus on biomass supply or on the sink side. In this paper we will focus on the economic joint production potential of biomass from afforestation activities and its associated carbon sink. AR activities have been identified as an effective land-use change measure to sequester carbon and to deliver biomass for energy (Obersteiner et al. 2001 (Obersteiner et al. , 2002 Schlamadinger et al. 2001a,b; Levandrowski et al. 2004; Schneider and McCarl 2003) . There are excellent reviews available on economic potentials for sequestration (e.g., Richards and Stokes 2004) and biomass resources (e.g., Berndes et al. 2003; Hoogwijk 2004) . However, a global analysis of the implications of the joint production of AR activities has not yet been assessed.
Contrasting to these studies and as a new research contribution, we estimate global supply curves of both biomass for energy and its joint product carbon sequestration in situ by using information at a disaggregated level, and scrutinizing the potential afforestation area so that sequestration costs are estimated at geographically explicit half degree grid-cells. We select applicable land classes and exclude areas of high population density, areas of high elevation and areas where there is no net carbon uptake. By doing so, we evaluate how the heterogeneity in land attributes (e.g., net primary productivity and suitability for agriculture) and the heterogeneity of prices (e.g., land and timber/biomass prices) influence sequestration costs and determine carbon-supply patterns and identify least-cost locations for carbon sequestration. Furthermore, we evaluate the sensitivity of the model to the basic scenario drivers for a B1 and A2 scenario.
The Model
Geographically explicit, coupled biophysical-economic forest sector modeling is a rather recent phenomenon in integrated assessment of continental scale land resources. Obersteiner (1998, 1999) has developed a forest sector specific model,
